Results of taking turbine units 1 and 2 out of serviceto reduce water temperaturesin the
McNary collection channel and juvenile fish facility.

The evaluation was originally scheduled for 12 days (July 20 - July 31) but was reduced
to 11 days due to a possible power shortage on July 31. Units 1 and 2 were taken out of service
from noon to 10 p.m. on 5 days (July 22, 23, 26, 27, 30). Water temperatures were monitored in
the turbine unit gatewells, forebay, collection channel, separator, and one raceway. \Water
temperatures were recorded every half-hour. Prolonged wind speeds in excess of 4mph are
sufficient to mix water in the McNary forebay and reduce or eliminate thermal gradients (Figure
1). Wind velocities averaged above 4 mph on 7 days (Table 1). There were atotal of 6 daysin
which wind did not have a mgjor influence on test conditions, 4 days were in the "on" (all units
operating) operation (July 20, 24, 28, 29) and 2 days in the "off" (units 1 and 2 off) operation
(July 23, 27).
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Figure 1. Air temperature, wind speed, and forebay (unit 1) water temperature at McNary Dam.

Direct comparison of the data, disregarding the effects of air temperature and wind speed,
showed a decrease in average water temperatures and peak daily temperatures in the separator,
collection channel, raceways, and the transport pipe from the collection channel to the separator
when units 1 and 2 were off (Table 1). Water temperatures at the separator averaged 0.6°F lower
than with all units in operation and the peak daily temperature averaged 0.8°F cooler. Water
temperature in the transport pipe from the collection channel to the separator was an average of
0.8°F lower with units 1 and 2 out of service and the peak daily temperature averaged 1.3°F
cooler. The larger decrease in water temperature in the transport pipe is due to the addition of
cooler water from the gatewells of units 1 and 2 into the lower end of the collection channel just
prior to the entrance to the transport pipe. Similarly, when units 1 and 2 are operating the
warmer water from the gatewells increase water temperatures in the transport pipe (Figure 2).



Table 1. Average and peak daily temperatures during unit operation testing at the McNary
Project.

Average Daily Temperatures (12 p.m. - 10 p.m.)

Trans Channel Gatewells Air Temp Wind

Date Pipe | Separator | Raceway || (6ft) | (12ft) 1 2 3 4 Avg | max | Avg | max
20-Jul-00 | 70.4 69.9 70.0 706 | 70.1 728 | 721 | 717 | 724 878 | 894 | 29 7.2
21-Jul-00 | 70.4 70.3 70.4 703 | 70.2 704 | 700 | 700 [ 701 937 | 949 | 154 | 256
22-Jul-00 | 683 68.2 68.2 682 | 68.0 682 | 681 | 681 [ 681 785 | 795 | 178 | 376
23-Jul-00 | 69.3 69.1 69.1 69.2 | 69.3 683 | 682 | 69.6 | 704 814 | 828 | 37 8.2
24-Jul-00 | 707 70.1 70.2 709 | 705 733 | 724 | 719 | 715 855 | 868 | 3.3 7.0
25-Jul-00 | 69.4 69.3 69.2 69.2 | 69.1 69.9 | 69.8 | 69.7 | 695 846 | 856 | 104 | 215
26-Jul-00 | 69.9 69.8 69.7 69.7 | 69.6 69.6 | 69.4 | 701 [ 70.2 805 | 814 | 53 | 116
27-Jul-00 | 69.8 69.7 69.7 69.7 | 69.7 69.3 | 69.2 | 702 [ 705 858 | 869 | 4.0 8.8
28-Jul-00 | 7o.8 70.3 70.4 709 | 704 736 | 728 | 717 | 719 895 | 908 | 4.1 9.4
29-Jul-00 | 719 713 715 721 | 719 736 | 741 | 733 | 740 88.1 | 896 | 29 6.4
30-Jul-00 | 719 713 713 718 | 721 69.7 | 700 | 729 | 73.0 924 | 940 | 44 9.4
on (avg) 70.6 70.2 70.3 70.7 | 704 722 | 719 | 714 | 716 882 | 895 | 65 | 129
off (avg) 69.8 69.6 69.6 69.7 | 69.7 69.0 | 69.0 | 702 | 70.4 837 | 849 | 70 | 151
on vs off 0.8 0.6 0.7 1.0 0.6 3.2 2.9 1.2 1.2

Daily Peak Temperatures (12 p.m. - 10 p.m.

20-Jul-00 71.0 70.1 70.3 714 | 710 744 | 746 | 733 | 740 930 | 940 8.0 25.0
21-Jul-00 71.9 71.6 71.5 71.7 | 716 744 | 71.8 | 715 | 713 985 | 99.1 | 26.0 | 39.0
22-Jul-00 68.3 68.4 68.3 68.4 | 68.3 68.7 | 683 | 682 | 68.3 836 | 851 | 240 | 500
23-Jul-00 69.8 69.5 69.7 69.9 | 704 68.7 | 69.1 | 706 | 72.2 86.4 | 87.2 6.0 12.0
24-Jul-00 71.9 71.0 71.2 723 | 719 747 | 746 | 742 | 743 915 | 925 7.0 14.0
25-Jul-00 69.8 69.5 69.4 69.3 | 69.2 705 | 703 | 703 | 70.1 886 | 89.3 | 150 | 320
26-Jul-00 70.1 70.1 69.7 69.9 | 70.1 705 | 703 | 709 | 71.0 86.0 | 86.8 7.0 16.0
27-Jul-00 70.1 70.1 70.0 705 | 704 705 | 703 | 71.2 | 716 91.1 | 916 6.0 13.0
28-Jul-00 71.6 70.7 70.9 71.7 | 713 756 | 755 | 73.0 | 734 949 | 9.9 8.0 16.0
29-Jul-00 73.4 72.5 73.0 738 | 737 762 | 771 | 761 | 765 95.1 | 97.0 8.0 14.0
30-Jul-00 73.1 72.2 72.4 729 | 734 735 | 739 | 748 | 746 98.3 | 99.1 9.0 16.0
on 71.6 70.9 71.1 717 | 714 743 | 740 | 73.0 | 73.2 936 | 948 | 120 | 233
off 70.3 70.1 70.0 703 | 705 704 | 704 | 711 | 715 89.1 | 900 | 104 | 214
on vs off 1.3 0.8 11 14 0.9 3.9 3.6 19 17
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Figure 2. Influence of gatewell water temperature on the collection channel and transport pipe.



Air temperature and wind play a significant role in the creation of thermal gradientsin
the McNary forebay. The evaluation was designed to have comparable baseline conditions (air
temperature, wind speed, initial river temperature) in order to determine the effects of the "off"
and "on" operations on water temperatures in the collection channel and facility. High winds, as
stated previoudly, eliminated al or a significant portion of the thermal gradients on five days
(July 21, 22, 25, 26, 30) of the evaluation. Comparison of days that were not affected by wind
showed an average decrease in water temperature at the separator of 1.0°F and the peak daily
temperature dropped an average of 1.3°F when units 1 and 2 were not operated (Table 2). Water
temperature in the transport pipe from the collection channel to the separator decreased an
average of 1.5°F and peak daily temperature decreased an average of 2.0°F. Additionally,
operating gatewell temperatures averaged 1.3°F cooler and peak daily gatewell temperature
decreased an average of 3.5°F (Figure 3 & Figure 4). It should be noted that air temperatures
during the "on" operating days averaged 4.1°F warmer and wind averaged 0.6 mph lower than
the days units 1 and 2 were not operated. Also, additional units were down during part of the test
period on July 23, 28, and 29.

Table 2. Average and peak daily temperatures during unit operation testing, McNaryProject.

Average Daily Temperatures (12 p.m. - 10 p.m.)

Trans Channd Gatewdls Air Temp Wind

Date Pipe | Separator | Raceway || (6ft) | (12ft) 1 2 3 4 Avg | max | Avg | max
20-Jul-00 | 704 69.9 70.0 706 | 701 || 728 | 721 | 717 | 724 || 878 | 894 | 29 | 72
23-Jul-00 | 69.3 69.1 69.1 692 | 693 || 683 | 682 | 696 | 704 || 814 | 828 | 37 | 82
24-Jul-00 | 707 70.1 70.2 709 | 705 || 733 | 724 | 719 | 715 || 855 | 868 | 33 | 70
27-Jul-00 | 69.8 69.7 69.7 69.7 | 69.7 || 693 | 692 | 702 | 705 || 858 | 869 | 40 | 88
28-Jul-00 | 708 70.3 704 709 | 704 || 736 | 728 | 707 | 719 || 895 | 908 | 41 | 94
29-Jul-00 | 719 713 715 721 | 719 || 736 | 741 | 733 | 740 || 881 | 896 | 29 | 64
on(avg) | 710 704 705 711 | 707 || 733 | 728 | 722 | 724 || 877 | 81| 33 | 75
off (avg) | 695 69.4 69.4 694 | 695 (| 688 | 687 | 699 | 704 || 836 | 848 | 39 | 85
on vs off 15 10 11 17 | 12 45 | 41 ] 23 | 20

Daily Peak Temperatures (12 p.m. - 10 p.m.

20-Jul-00 | 710 701 703 714 | 710 || 744 | 746 | 733 | 740 || 930 | %40 | 80 | 250
23-Jul-00 | 698 69.5 69.7 699 | 704 || 687 | 691 | 706 | 722 || 864 | 872 | 60 | 120
24-Jul-00 | 719 710 71.2 723 | 719 747 | 746 | 742 | 743 || 915 | 925 | 70 | 140
27-Jul-00 | 701 701 700 705 | 704 || 705 | 703 | 712 | 716 || 911 | 916 | 60 | 130
28-Jul-00 | 716 70.7 709 7.7 | 713 || 756 | 755 | 730 | 734 || 949 | %69 | 80 | 160
29-Jul-00 | 734 725 730 738 | 737 762 | 771 | 761 | 765 || 951 | 970 | 80 | 140

on 719 711 714 723 | 719 752 | 754 | 741 | 745 || 986 | 951 | 78 | 173

off 69.9 69.8 69.9 702 | 704 || 696 | 697 | 709 | 719 || 888 | 894 | 60 | 125
on vsoff 20 13 15 21 15 5.6 57 32 26




75

Units 1 & 2 on Units 1 & 2 off | Units1 &2 on | Units 1 & 2 off Units1&2on | Units1&2on
. 3 r
\LI__,
(5]
E
IS
- Y
Q- l
5 AV
'_
% 69
=
67
7120 7123 7124 7127 7128 7129
—— Separator = Channel (6ft depth) Channel (12ft depth) =—— Transport Pipe

Figure 3. Comparison of separator, collection channel, and transport pipe temperatures during
"on" and "off" operation, McNary.
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Figure 4. Comparison of gatewell temperatures between "on" and "off" operation, McNary.

Temperature gradients between the turbine unit gatewells and the collection channel were
also monitored during the evaluation. Typically, the largest temperature gradients occur at the
southern end of the powerhouse. Average temperature gradient with units 1 and 2 off was 0.6°F
compared to 1.4°F with all units operating (Table 3 & Figure 5). Peak daily temperature
gradients between the gatewells and the channel were reduced from 2.8°F to 1.7°F.

Mortality rates were similar for both operations. System mortality averaged 1.4% when
all units were operating and 1.1% with units 1 and 2 off (Figure 6). Sample tank mortality
averaged 1.2% during the "on" operation and 1.3% during the "off" operation.



Table 3. Average and maximum temperature gradients between the collection channel and the
turbine unit gatewells, 12 p.m. - 10 p.m.

Average
Unit | 20-Jul-00| 23-Jul-00]| 24-Jul-00| 27-Jul-00| 28-Jul-00] 29-Jul-00
1 2.7 -1.0 2.8 -0.5 3.2 1.6
2 2.2 -1.2 2.1 -0.5 2.7 2.4
3 2.0 0.2 1.8 0.5 1.7 1.8
4 3.0 1.1 1.5 0.8 2.1 2.7
5 1.8 1.1 1.6 0.8 1.8 2.9
6 1.6 1.2 1.4 0.7 1.5 3.2
7 1.0 1.0 0.9 0.9 0.9 1.7
8 1.0 1.1 0.9 0.7 0.7 1.7
9 0.8 0.9 0.8 0.7 0.8 1.1
10 0.7 0.8 0.9 0.6 0.9 1.3
11 0.4 0.4 0.5 0.3 0.4 1.0
12 0.4 -0.2 0.5 0.2 0.4 1.0
13 0.5 0.2 0.5 0.1 0.4 0.7
14 0.0 0.0 0.0 0.0 0.0 0.0
Avg* 1.3 0.7 1.2 0.5 1.3 1.7
Avg "off" 0.6 Avg "on" 14
Maximum
Unit [ 20-Jul-00| 23-Jul-00]| 24-Jul-00| 27-Jul-00| 28-Jul-00] 29-Jul-00
1 4.2 0.1 4.4 0.9 5.0 4.0
2 4.9 0.5 4.9 1.1 4.7 4.3
3 3.4 1.8 3.3 1.7 2.9 4.6
4 4.5 2.3 3.3 2.0 3.7 6.1
5 4.0 2.5 4.3 1.9 3.2 5.8
6 3.1 2.2 2.5 1.9 3.9 6.5
7 1.6 2.3 2.2 2.3 1.5 3.2
8 1.7 2.4 1.8 2.3 1.8 3.1
9 1.4 2.0 2.5 1.6 1.6 3.2
10 1.5 2.1 2.2 1.7 1.9 3.2
11 2.2 1.9 1.5 1.5 1.1 2.3
12 0.9 0.3 1.0 1.0 0.7 2.9
13 1.2 1.2 1.2 0.9 1.2 2.4
14 0.0 0.0 0.0 0.0 0.0 0.0
Avg* 2.5 1.7 2.5 1.6 2.4 3.7
Avg "off" 1.7 Avg "on" 2.8

* Average includes operating units only
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Figure 5. Temperature gradients between the collection channel and turbine unit 1 gatewell.
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Figure 6. Collection, system mortality, and sample tank mortality during powerhouse operation
testing.

Summary

Taking turbine units 1 and 2 out of operation will decrease the average and daily peak
water temperatures in the collection channel and at the juvenile fish facility by approximately
1°F. Additionally, average water temperature in the pipe from the collection channel to the
separator could be lowered roughly 1.5°F and peak daily temperature in the pipe could be
lowered 2°F. Average operating gatewell temperatures were 1.3°F cooler and peak daily
gatewell water temperatures decreased an average of 3.5°F when units 1 and 2 were off.
Temperature gradients between the turbine unit gatewells and the collection channel were also
reduced with units 1 and 2 off. Average temperature gradient with units 1 and 2 off was 0.6°F
compared to 1.4°F with all units operating. Peak daily temperature gradients between the
gatewells and the channel were reduced from 2.8°F to 1.7°F. Conditions during testing were not
identical between "on" and "off" operations but were similar.
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Figure 7. Side by side comparison of "off" versus "on" operation, July 23 and July 24.
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Figure 8. Side by side comparison of "off" versus "on" operation, July 27 and July 28.




Units 1 & 2 on Units 1 & 2 off Units 1 & 2 on Units 1/& 2 off Units 1 & 2 on Units 1
& 2 off
75 L
73t |
|
[l
N Lt
L / ¥ I
‘ iy u \
: ;i I‘ x i l! : “l 'y ‘
: H\ - R
L
67
720 21 L2 23 R4 25 726 R7 28 29 780

—— Separator =—— Channel (6ft depth) —— Channel (12ft depth) —— Gatewell (unit 1)

Figure 9. Separator, collection channel, and turbine unit 1 gatewell water temperatures during
powerhouse operation testing.



